PATENT ABSTRACTS OF JAPAN 



(1 DPublication number : 2002-270525 
(43)Date of publication of application : 20.09.2002 



(51)Int.CI. 




H01L 21/205 
C30B 29/16 
C30B 29/38 
H01L 21/28 
HOIL 33/00 




(21) Application number 


2001-071746 


(71)Applicant 


: YOSHIKAWA AKIHIKO 
FUTABA CORP 


(22)Date of filing : 


14.03.2001 


(72)Inventor : 


YOSHIKAWA AKIHIKO 
rrO SHIGEO 



(54) METHOD FOR FORMING SEMICONDUCTOR THIN RLM, SUBSTRATE THEREWITH 
MANUFACTURED BY THE SAME. AND SEMICONDUCTOR DEVICE BY USING SUBSTRATE 
THEREWITH 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method for improving 
the characteristics of a device where the surface largely affects 
electrical and optical characteristics by changing polarity on the 
surface of a 3-5 or 2-6 group semiconductor such as GaN and 
ZnO from a conventional anion surface to a more smooth and 
inactive cation surface. 

SOLUTION: A film in the thickness of about several monolayers 
of metal such a Al is formed inside a 3-5 group or 2-6 group 
semiconductor film which is epitaxially grown on a sapphire 
substrate. The polarity on the surface of semiconductor is 
changed from negative (anion) to positive (cation) at the upper 
and lower parts of the film. The positive polarity is formed in the 
epitaxial growth thin film and a polycrystalline thin film of 
preferred orientation property. 
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C57) [g*rJl 

»2 - 6 ]e5^^M©@te?:tJe*<D a n i o n^ffi*> 
6. J:«3XA-X-e:7^^^tc a t i onSSKfKJIS 
i±5Ci(Cj:0. ^<D^®*im»e^. ^^Wi^tc^'c^ 

•6. 

/c3 - 5 i^*fc»2 - 6S5^i*IS©rtgPCC. A 1 ^Ci' 
(D^S©^m onolayers !iS<DJl 3 ©M^^Rg 

(an i on) *»6iE (cat i on) fci^. ■?• 



• :Ga 



:N •:A1 



Ga-face 



biitial stage of 
GaN buffer 
Jayer 

Two mfmolayins 
ofAl 





1 

m^S]mi^immK B, A1. Ga. in 
i'© 3 ]Kl5nfS©S< fc!BJ ( 3 mm.{m) S rc« Z n C 
d. Mg!Sri'cD2:^7C*i;0, S. S e t'CD 6 

*j t) , BijsB^TC^OlS* U ■\'-X««tr8aA 1 CD^ 

(anion) *^ibiE (cat i on) tC^-ftb. 
iEMtt*^B5ifi^ f 3? + + -iPJiSftSIR^ffl* "C8Ht S n 

6 ] WIBSSOiirffi^ f 4^ + ;UfiSft®«r. 
figsfrtci 1 oo'c-c, Hz ^HM{ca?,L/d^. T> 

^::.T7!/^^*aB«::7n- Stir J: 0. I«f3a« 

[»*^ 7 ] Ml B4^^f*«fl*^ G a S ?c« Z n 

[ iS*a 8 ] tfrS2^|i«<*SSlS*5, G a N S /c Z n O -C 

[«*)I9] |(ri3^^{*«JK*5^ GaN$/c«ZnO=& 

X <!: u fc^TiM^it-^m-ch ^ct ^mmt. -r sn 
1 x« 2 iBtg©*^^*»M©Jf^fi£:^&= 

[if 1 0 ] «rfai|i5if*«g*s. G a N I! fc» Z n O 

(D^'yl^. -e©ISS^S*iA*S3^-et?$,€.^ct\ ®tt 

^mt-Mt-^-cSi^c t ^^tt^m^m i x« 2 
iBtl©^^<^l^oj^^S. 
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•r Si**^ 1 x»2 iBi8©^<*»l^©?^fi^:^o 

[if *Ji 1 2 ] st*« 1 7!fS 1 1 <mnip-Tmsmoi5 
{mm 1 3 ] mm 1 2fB«g©^i*si^«^»«^ 

[0 00 1 ] 

10 «|g€:J^R!c^5:^teJ:J/C©:&ffiK:J;f)Si&b/c^^ 
[0 002] 

[«6*©S^1 mtii'J'yj^ (GaN) K. 

[0 00 3] ViPL, GaN«l631&{C^-&6nS<fce»^c 

20 [0 0 0 4] iI:^»C©1f■7T'fTa«±K:GaN©^^• 
-^7TH«:Ji5^l/> ^©±K:GaN©)l*^?^iS$nri^ 

^„ -eurc©GaN®©«^fl«3. 3fe^agm», -9-7 
-cT»«©«ffi^fi^i:®a^s«:<!^«^«fc^^ ^m^yjit 

fiS6^©^*4tTC^ ^Stt©at- G a N>'>* :? T 

CO 005] Sfc. xK'3?+J^-f-'VRSgl/fcGaN©)jS 
saw. jimGa7c^*5«^aKfigT€.Ga®'tt (c 
30 a t i o n) ffi©*^, #^mK:>^A-;^^fffi?:?i$(SL. 
N7c5R*«S*®K:^a"r-5N«ltt (anion) M©!^ 

[0006] r -rrstiiitcMo v p Eiaisi" 

Tffl=&S'fbS-l*^<'^» = »^ fi£SGaN©«ffi»;^A- 
>^-C*4*s, G a NBI©Sfeaf443JC#T2.fcfe«:-9-7 r 

TS«5:M{t§ -ttfcli^. fi£SG a N©^MW N@t4 
40 ©ftiJb, N*^iS$n. 7NfttJ©:7T-fef h^^oan i 
o n^Si^c^o 

[0 007] 2 G a N-?3®{bffilS ( Z n O ) , B 

itijv's.^M. (cds) tj:^(D<i:^t,cmt^'n-ri>mK 
ntht. ^^B°Bt:-*o-r^>-?-©ifeS©@ttl* (c©JS 

•5*5, ^<©^^tcan i o n*5*S«:< S-@14©S 
mtti^), cation *s^ffiK: 

< 2>+@tt©«^«:Jt'^-c#to&t:^+:»t:-*S. 

50 [0 00 8] 
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SSitCfPSLfcGaNliO^ffii*. an i on^®-C 

[0 00 9] ccDfc*. c©a®tc$p)K:. ffe©xfif 
[0010] S/c. X fi'=^=->f j&fett 

[00 11]lSfc. ^igS©GaN■^Zn0^t^Oti^ 

tC. ^(DmMi)^-%^'Ca.n i o n® iJi-S <i:. ±iHcD 

[0012] *|E|BJ«. luJfiOG a N'^Z n O^c t'© 3 
- 5 jgi* tcit 2-6 ]^^^ffl©@tt*«£*(D a n i 
onSma^h. J:«3:^A-;^t?:T^^^cc a t i on^ 

[0 0 13] 

[0014] i|#^2 VZt^^tfxfc^MWnmOW^Wj 

[0015] 19*353 {ciBtg$n;fc^«(*Sli©?eBS53 

t,>-C. |tfie*^<*ISIS*^. B. Al. Ga. In%t'© 
3]K7c^®^^b«I (aSsS'Tb'BJ) $/c»Zn. Cd. M 
et£if<D2W5cmtO, S. S e^ci'Oej^TC^iO^b 

[0016] 1**314 t^cti.m^infc^MW^WOBf>Sirfi 

mis 1 x« 2 gBis©^«^JS©j^fi5cer?*tc*i 
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lit:. |gte*^^^*s. HJse^iS7cfR®»*>'i^-f 
-xtilirtB A 1 <c^-t u -t' - ?rF«^sp^c$^■c*5 o . 

iiiB^TC^OfKt*-^ l^'^'-^-X«HuiBA 1 ©1^-*-/ U 
-/■t'-©±T-C. -5-©^i3lfl^K^B©@tt*ift (an 
i on) IPhsE (cation) tC^ffcU. -e-CiEStt 
AsttriBi f » + ex t ;UfiESaElg^a* -CiNtJ#3 n-rv* 2) 

[0017] it*^ 5 {CIBSES nfc^^(*?tK©}i5E£:^ 
TaS©J^fc:■^=^'i^^'■'^^S®4CB<i:C/. C©C®© 

se^iSiK: . «rf B*^fl«lgl«r i t ^ + -> -c $ -t* 

[0018] lt*P56 «:IBK$ta)ti}i^{*ffM©jefiR:^ 
ma., 5 iESg©^^*®lg©0fi5£^ffi«:fc<'^-C . 
Hi^iBS«©mfK■3^fc■^'+i^•^'''^^S®5:. fi£Sfl?r«:i 1 

20 [0019] 7 (CIBtlS n/c^^ft^MCJKRX:^ 

ffitt, iS*3l 1 X«2iBt£©¥«(*»JIg©J^Jj)t^)aK:te 
i5fB^(*atK*5. GaS/c«Zn«:-e©^ijS7C 

[0 02 0] fS3}?3a 8 vz%^n-^infc^m^wm(Dmf&-fj 
mkt. m^m i x» 2 gBt!(©^<*sji©j&fi3t&j*K:*> 

t»r. |trfB*^«^Ii*«. GaN$fc«ZnO-C*?>C 

[002 1 ] f«*^9 {ClBig3n/c*^<*ftJK©)^^:)^ 
ffiia. tS*« 1 X» 2 IBig©^S«:»)®©?i^J?3WSfeK:*j 
30 l»-C . i?ia^«^lS*». G a N */cWZ n O*-^- ^ 

[0 02 2] ff*^ 1 0 l^^5M.ttVk.^{mm<iyBlS. 

■)smt. mm 1 x« 2 iBi&©¥#»5SJg©?^fiK:^r^tc 

teC^-C. S(nB4i2gi*WJe**. G a fc«Z n 0©J: ^ 

[00231 I9*« 1 1 ViWiSSkttifc^WmWL(DBl& 
■Jsmt. iS*3S 1 X» 2 fB*£©*^»fiS©5^fiS;:^Stc 

40 «2^^^-r-\'-©^S7c^'&^t^ci=&#S!!tor(,> 

[0024] mm 1 2 (cgBig^ ntc^^mwnm^^m 
mt. n^iTimi 1 ©Mn*>— ^iBig©:^*^^^ 

[00251 s»*3S 1 3 {ciatgs nfci}i^<*f'/>' x 

liBlg©¥^««)^##««*ffl<'i'5'C<!: 
EL (xu^ (-njU5*-fe>;^SST-) ■ VFD (M 

3fea^e) .FED {mm^mmmik^m) t^izo^yt 
50 (**fflir»/c^7'/^-r>^. S)r«©g^^s«ijfe^¥ffi#e 
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[002 6] 

mm<DmM(DBm *»bj»> («e»tt© 

5^*fc»2-BiS*«ft»)« (B. Al. Ga. In 

tj: i'© 3 ®i7t3g©afb«j ( 3 mmm) X« Z n . C 

d, Ms^i^(DZm7iMtO. S, Se)S£"<D6]^S 
<!:(D{b^ (2 -ejK^t^ia) ) OrtSPK:. A 1 ^Si'© 
^O®:* W if-^OJ^S^Ii'&J^fiSE"?'* C i K 
.fcO. ^<D±T-C. iti^ftSSCD@tt€rSe*Oft (an 
ion) *i6iE (cation) (cl£^> -eOiEfitt* 
firl f ^ + + ;Ha«jilS-^«5feKl^tt©^^feS?tllg 

-y-^r-rr (0 0 0 1 ) MiC> LP-MOVPES«:<fc 

[ 0 0 2 7 ] ^ 1 :^m^<D^MWnm<D^fSJi^l^ 
J:OMjS$nfcGaNSM©filit**T. HltCn^-TJ: 

li. ^*>'w-^^'-<DA if*s-9-7T -frs^gl± 

(CBfiSS^^^cA l^^U-^ir— (2«) 2<t. -g-OiK 

3 tx/cS=K±K: i f * -v U/c^^f^lSt?* 
^ G a N 3^ b* ^ -f ;UJi 4 *i . 
[0 0 2 8] ^?-7T-^T»1gl». SST. IIOO'C. 

T>^^r*';^* 1 5 0 0 s c cm. QO^^yu-^-^ 
-C. 1^■:7r'^r»«l«®©S^t?:^f^o -ec-C-, Ga 

(TMA 1 ) 5 0°C-C, 2#3&>6 3 0t>\ Sumo 
1/m i n. TMA 1 COy O-icmtmiC^^ . A 1© 

S®Rg2®#a-rti«2|i:fl?8©Sfi«>*^BS^t6^f/c 
fc. 2Jl*iS2L-C*-5) , cn*«, 3j:^W©Key«ji 

[0 0 2 9] •?■©*<!:. 2 0 0 T o r r ©)^/:^II;^T> 
5 5 0'C"C2 0 nm0©GaN''^'-^7 tJ13, 1080 
•Cr-2. 5 Mm/*©GaNit::5?+>'i'Jl')14 5:JgJ?5E-r 
h ';>5=-;U;i!/y -^i^ (TMGa) . TMA 1 . NH 

a 3is. -en-enGa, a i . n©v-;^ (^syai-ft^ 

[0 0 3 0] fPMSn/cG a NfSK©a®-^^:? * cii?- 
(«ffiBSS) »N o r ma r s k i =fWmWLmim^>'r: 

(HRXRD, Ph i 1 i P s X' p e r t MR 
D) 5rffll^T. GaN J.f5? + ->+Jl'K4©^ (0 0 
2) B<fc#^5*f* (10 2) ffi*>6©SSt*ci);<+-r>, 
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[0 03 1 ] S2©GaN J^fif^^i^-i';l/M4©^^tt 
X|g@t)T(C*jWS (002) i (102) m<O^B 
iH^s-en-eni^jS 00i540arcsec €r7K-r C t 

n d e r P a u wSSmK: J; 5^ -;b^S!i]e i t- 

y^'?fta». •en-en2 3 0 cm* /V • s i3. sx 

10' ' cm" ' t?4>*). «ai^ttfeSl»<il^&7nU-ri,» 
[0 03 2]!^. -y-^T-^TSSitCfiSfil/ytGaNfi 

[0 03 3] his^lf. ■?-©GaN©^ffi*:? 
H2 (a) K:^-r<fc^fc, a'fb5!iS©B#ra5:^x.-C^>, 

fc<t5fC, ^{bjffiaUfcGaN (00 0 1) *ffi». N 
20 fiStt (CC-Ctt. (N) SlftSfct^ft^*^'*'^ 
trii^) ^mirfc^. :^A-;^nc^®?:J#-^Ga@tt 
(CC-C«. *ry.i;A (Ga) ffitt$fc»iE®e*Si» 
Lri»-5) ©GaN^rRXfi^-l+SCiJjSEK-CifeSfcfe 

[0 0 3 4] mm^Oyyv YUGaW&<OG 

aNSM (GaN?SM©Tia<*:b-C. 2®©A1^>'U 
'<>^-2teJ;C;fGaN''>'3'7T@3*s*?>) *^?>fc* 
fC. A 1 ©^-^UW'i'-2*, fi^bft!!:abfcS®©±tC 
fflAS-fi-SCitcJiCi. Stt^ran i onffid^e.. ca 
30 t i onffilcK^^-e-Zco 

[0035] STS^b•y-7T>fTa«l©±fcGaN^^• 

-^7TH3*?^B5Ef i>mr(cMA 1 ( h >; ^ g^J^r^^2 - 

>t7A) ^r'a-3-li?>^ra^2, 5, 10. 2 0*s<fcO' 
3 0 s e c i^^bSli-TRgfiSHifc. C©^^«:5t?£ 
H^-Jfifd'^^^i^— S^^J: ^3 . 5MmoI/inin 

[0036] 02«:l±. SJ&ofcTMA 1 ©7D-B#r^ 
(02 (a) : 0#. 132 (b) : 2#. S2 (c) : 
40 Siy*. 02 (d) : 3 0#) K:J:^>N o r ma r s k i 
=FWmWm^^7nir, TMA17P-3»«2 fJ>©Jl^ 

$/c7a-ttL'©lll2 (a) iP^JiaftJi^©^^ 
S -;- F?^«©?^5rij^T (H2 (b) ) . TM 
A 1 :7a-B#r^*5 5i{$;S:S^5i. GaN©^®*^* 
0>'-»:^*<^<bl/. E2 (c) •^'SS (d) ©cfc^ 
tc;^A-;3;^i:*fflii^C'5), £:n6©fS*«G aN9l®© 

[0037 ] ^ /cf^M U/cG a N WM©ffi14{3:C A I G 
50 I SS (|5]fiSii:«3?-<^>l5cSLX'^i' hax=if-) 
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5^«iis ( (») B>mmmxm. talis-97o 

5 ^ U - > a *i <fc Offl#a^«S«f ^- f *S«: 

[0 0 3 8] EStcMtto/cTMA 1 7n-^{c<fc2» 
© t 1 1 2 0 ] ®:frfiit?©2 k e VOHe* -^3^>©A 
Kjttr -5 G am-^^«(#S«. shadowing 

10 0 3 9] MiC^miilM^it. ig^BM^OiSTtC 

s&^^LSiCA I c I ss©;^-^^' h;WgW3&«^<b-r 

( 0 0 4 0 ] El 3 < a ) 4s 3(c) t?to3&>S<k 
tc. Gam#©ftetS^14l*^^t«!S®l'^f!'"^ y -f TS 

SI ^TMA 1 :?D-MU*5J:0*TMA 1 v P-5»>M 

t>%. g-(t;*!!ffiLfc-9-7T -frSSl'^TMA 1 7t3- 
«IL/tej:CXTMA 1 7 P- 5#^&a©g{fc:':/';'5 A^ffi 
»Ng14 (an i 0 n®) ^^s^. TMA 1 yu-b^ 
feLh©S»Galit4 ( c a t i o nM) ^J^-:). 
CO 04 1 ] ftftm3 (a) . 03 (c) ©NiGa© 

i©H:^t^i*«:J:»3Sg^Sn:^c. 0*^0. TMA i 7a 
-2f^^gS^ (03 (b) ) ©ei4»+^«C», Gag 
14«:^t>oTli^£C\ C©1f>:?'Mt, N@tt*5ASC^ 
■C, S!%©Ga@tti©M-&t'fcGaN»Mi^;t6*x 

[0 04 2] W±©S 3 ©*§**»?>> GaNltHilJ. T 
MA 1 yU'~(D2fi>&.Tt 5mj.±-C, ^(Om^ti^ai n 

i o ni. c a. t i on(iC^iPin?>Ct*it>iPi>. C.<om. 
HtSfli*H4©-=ef^;U (2®©A 1 -ty L'-f-\'-2©» 
Ate J: o-rfltfiRS G a N«Jt©G a®©0?^«m) 

[0 04 3] 04», H 1 ©GaN»J!S©F»9. ^-(b^ttS 
(Nitridalion) Snfc-y-^T -<T««1 
(sapphi re) i, WL-*)-^ t ■< 1 ±«:?gR£ 

$n/cA 1 -ty U-<i'-2 (Tw o monolaye 
r s of A 1) i. -e©±«:j^^SnfcGaN-''«f 
7t)13 ( I n i t i a 1 stage of GaN 
buffer layer) ©^^f^r^TKLn^S. C C 
-C. GaN^^•^' 7Tia3©±«:j^fi£3nfcGaNif* 
'^^v'f ;l/B4«. a4*'Cl*«BSL/T*?), 
[0 044] GaN''^•^'7TJ13©^ftWW•C«> If^ 
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-rTS«l3&*lS<l:*iS3n/ct#> N11^«3{@©A1 

ML/t:gs::^ifij{c i *©^-^*?r}^-:>ri>^>. 

[0045] Seim©a 1 U-^ •*'-*J^{bie!! 

aSS<bGaN-'-?y 7 T/13©ia«:»A§ti^<!:. Ga 
Nit'5J+i'i'^l')14©^ffi«. N@t4*^6GagttlC 
^jb-rs fe© 6tl-&. 

[0 04 6] A 1 lJlifA©«^fC«. 
10 02 (b)-^03 (b) KTi^TJr^K:. GaNifd?=^^ 
i^l';ue4tt. N@tt*^e>Ga®t4'^«^t>e>ac^. 1 

moA 1 *>'w-/i=— ©»A©*i-^, 3<i©A 1 m.^t 

[0 04 7]b*>ly. 2Jg©A 1 •=e>'U-/i'-2?rlfA 
L/fcti^. GaNif^f+S'-«'Jl'e4«, 0 2 (c) 
j;C/03 (c) K:7K-r«i:^tC. G aSfc^b€>C i35i-C 
J^Cif&P). 2@©A 1 -ty UW-1f'-2^»AL/fc 
ig^. 7^•'y7TlB3©ml NM-7-t3:^2B©A 1 
20 + -© A 1 H^i ife-^ L. . 3 4^©ite^^**±:^f^*l^ 

[0 04 8] TMA 1 VU-ifil 0#iiLh©*i^©G a 
NIS]®©®3^'fb*#^&»tl«^r6ai/». SS/^iB 

^B^3& (HCP) i®'C>2::^S^j§ (FCC) i©^ 
©^7^nit::>^'>f Ji'::5{4{c«> (O 0 0 DHCP/ 
/(111) FCC©R1^!W*S. ^UrFCC©< 1 
1 1 >fCf&-Q-C©«^a*aJ®«^«- M^ffi5>JJIIIFP*«. 
" (ABC) (ABC) (ABC) TAS. 
[0 04 9] A l^y U'r'^-*^2a}fA§*T.5<i:> ^ 
30 ±©AlJl^»±lfil#©l-^©ifea***>*« GaN^ 

« 1 ±r©G a Nmm^ic-o<,=>xm^tcifi. mm>^^ 

[0 0501 ^iKS©F>I<J:L.r«. Z nOiGaN*^^) 
If^nS, ZnOK:-:>l,it}*@tt$IJSP (c a t i on® 
:^F6J«:UT. «ffi*Z ntC-r-S) €r^f^ti^©3a^^iL/ 
Xii. JfclT©*J!^lf6tlS. ■r^ct)^— JKtC. 

^ -^-c^^ ;^ i'©^Niestt»«±{cf'^iS L//c^*S^ 
)g»cfA*i±«:i«]Cit:i^^*4, -5-©ffi1±l3:an i onS 

[0051] 1. anio nffl». M©c a t i o n® 

ictt^x. >&mm - it^mdcmisbx^n ■ ^r^-c^^. 
■r, ■rj&t>-feK^rt-r©affl©^5ett 

[0 05 2] 2. @14?&S()S5P-r?>i. fxy«|^©^|Sl 
50 :?3i6ifeS|gf Sfcab. 5ff4a®iS^^-c«. ±fE©i. 
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[0 05 3] 3 . ^"f-Mt VCit. ±13© 1 . tmUV 
[0054]4. catio n*ffi». -eo-ft^W^S 

[0 0 5 5] G a NCDIS^. ^iSH^-C4> p n $l|iai*5nJtg 

X. NEA inn^mtj) ?rw#u-c 
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